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(i) $I$ $I$ $d$
(ii) 1 $V$ $V$
$V$ $\Vert\cdot\Vert$ $m(i)$ $i$
$m:Iarrow V$ (model function)
$M$ $m_{0}$ : $Iarrow V$




$I(m_{k},x_{k})= \{i^{*}\in I|\Vert m_{k}(i^{*})-x_{k}\Vert=\inf_{i\in I}\Vert m_{k}(i)-x_{k}\Vert\}$
$(m_{k}\in M,x_{k}\in X)$ ,
$N_{1}(i)=\{j\in I|d(j,i)\leq\epsilon\}(i\in I)$ .
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(b) : $0\leq\alpha\leq 1$ .
(c) :
$m_{k+1}(i)=\{\begin{array}{l}(1-\alpha)m_{k}(i)+\alpha x_{k} if i\in\bigcup_{k},N_{\epsilon}(i^{*})i^{*}\in I(mx_{k})’k=0,1,2, ....m_{k}(i) if i\not\in\cup,N_{\epsilon}(i^{*})i^{*}\in I(m_{k}x_{k})’\end{array}$
$L_{m}$
(a) :
$J(m_{k},x_{k})= \min\{i^{*}\in I|\Vert m_{k}(i^{*})-x_{k}\Vert=\inf_{i\in I}\Vert m_{k}(i)-x_{k}\Vert\}$
$(m_{k}\in M,x_{k}\in X)$ ,
$N_{\epsilon}(i)=\{j\in I|d(j,i)\leq\epsilon\}(i\in I)$ .
(b) : $0\leq\alpha\leq 1$ .
(C) :
$m_{k+1}(i)=\{\begin{array}{l}(1-\alpha)m_{k}(i)+\alpha x_{k} if i\in N_{\epsilon}(J(m_{k},x_{k})),k=0,1,2, ....m_{k}(i) if i\not\in N_{\epsilon}(J(m_{k},x_{k})),\end{array}$
2. $\mathbb{R}$ 1
$\mathbb{R}$ 1
$(\{1,2, \ldots,n\},V=\mathbb{R},X\subset \mathbb{R}, \{m_{k}(\cdot)\}_{k=0}^{\infty})$
(i) $I=\{1,2, \ldots,n\}\subset$ N.
(ii) $\mathbb{R}$ ( )
(iii) $x0,x_{1},x_{2},$ $\ldots\in X\subset \mathbb{R}$
(iv)
$L_{A}$ ( $1$ $\mathbb{R}$- $\epsilon=1$ )
(a) :
$I(m_{k},x_{k})= \{i^{*}\in I||m_{k}(i^{*})-x_{k}|=\inf_{i\in I}|m_{k}(i)-x_{k}|\}$
$(m_{k}\in M,x_{k}\in X)$ ,
$N_{1}(i)=\{j\in I||j-i|\leq 1\}(i\in I)$ .
(b) : $0\leq\alpha\leq 1$ .
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(c) :
$m_{k+1}(i)=\{\begin{array}{l}(1-\alpha)m_{k}(i)+\alpha x_{k} if i\in\bigcup_{k},N_{1}(i^{*})i^{*}\in t(mx_{k})’k=0,1,2, ....m_{k}(i) if i\not\in_{i\in I(mx_{k})}\bigcup_{k},N_{1}(i^{*}),\end{array}$
$L_{m}$ ( $1$ $\mathbb{R}$- $\epsilon=1$ )
(a) :
$J(m_{k},x_{k})= \min\{i^{*}\in I||m_{k}(i^{*})-x_{k}|=\inf_{\in I}|m_{k}(i)-x_{k}|\}$
$(m_{k}\in M,x_{k}\in X)$ ,
$N_{1}(i)=\{j\in I||j-i|\leq 1\}(i\in I)$ .
(b) : $0\leq\alpha\leq 1$ .
(c) :
$m_{k+1}(i)=\{\begin{array}{l}(1-\alpha)m_{k}(i)+\alpha x_{k} if i\in N_{1}(J(m_{k},x_{k})),k=0,1,2, ....m_{k}(i) if i\not\in N_{1}(J(m_{k},x_{k})),\end{array}$
$n$ 1, 2,..., $n$ $m_{0}(1),$ $m_{0}(2)$ ,






Theorem 1 $(\{1,2,\ldots,n\},V=\mathbb{R},X\subset \mathbb{R}, \{m_{k}(\cdot)\}_{k=0}^{\infty})$ $L_{A}$
$m_{1},m_{2},m_{3},$ $\ldots$
(i) $m_{k}$ $I$ $m_{k+1}$ $I$
(ii) $m_{k}$ $I$ $m_{k+1}$ $I$
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(iii) $m_{k}$ $I$ $m_{k+1}$ $I$
(iv) $m_{k}$ $I$ $m_{k+1}$ $I$
Theorem 2 $(\{1,2, \ldots, n\}, V=\mathbb{R},X\subset \mathbb{R}, \{m_{k}(\cdot)\}_{k=0}^{\infty})$ $L_{m}$
$m_{1},$ $m_{2},$ $m_{3},$ $\ldots$
(i) $m_{k}$ $I$ $m_{k+1}$ $I$
(ii) $m_{k}$ $I$ $m_{k+1}$ $I$
[7].
4. 1 $\mathbb{R}^{2}$-
$(\{1,2, \ldots, n\}, V=\mathbb{R}^{2}, X\subset \mathbb{R}^{2}, \{m_{k}(\cdot)\}_{k=0}^{\infty})$
(i) $I=\{1,2, \ldots, n\}$ . $d_{I}(i,j)=|i-j|$
(ii) $m:Iarrow \mathbb{R}^{2}$ . $x=(x_{1}, x_{2}),$ $y=(y_{1}, y_{2})$ $\Vert x-y\Vert=$
$\sqrt{(x_{1}-y_{1})^{2}+(x_{2}-y_{2})^{2}}$
(iii) $x_{0},$ $x_{1},$ $x_{2},$ $\ldots\in X\subset \mathbb{R}^{2}$ .
(iv) $L_{m}(1$ $\epsilon=1)$
(a) :
$J(m, x)= \min\{i^{*}\in I|\Vert m(i^{*})-x\Vert=\inf_{i\in I}\Vert m(i)-x\Vert\}$
$(m\in M, x\in X)$ ,
$N_{1}(i)=\{j\in I|d_{I}(j, i)\leq 1\}$ $(i\in I)$ .
(b) : $0\leq\alpha\leq 1$ .
(c) :
$m’(i)=\{\begin{array}{l}(1-\alpha)m(i)+\alpha x if i\in N_{1}(J(m, x)),k=0,1,2, . . . .m(i) if i\not\in N_{1}(J(m, x)),\end{array}$
1 $\mathbb{R}^{2}$-
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2 . ‘ $\iota$ 10
1: : 1 2
Example 1 35
(1) $I=\{1,2,3, \ldots, 35\}$ . $d_{t}(i,j)=|i-j|$
(2) $V=[0,10]\cross[0,10]$
$m_{0}(1)=(3,1),$ $m_{0}(2)=(9,8),$ $\ldots,$ $m_{0}(35)=(0,7)$
$x=(x_{1}, x_{2}),$ $y=(y_{1}, y_{2})$ $\Vert x-y\Vert=\sqrt{(x_{1}-y_{1})^{2}+(x_{2}-y_{2})^{2}}$
(3) 1
(4) $L_{m}$ $\alpha=\frac{1}{3}$
$Q$ 2 4 6 8 10 $0$ 2 2 6 8 10
182.92 45.33
$2:m_{0}$ ( ) , $m_{1000}($ $)$
2,3 O 1000 7000 16000 2
$\sum_{i=1}^{34}\Vert m(i)-m(i+1)\Vert$
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$0$ 2 4 6 8 10 $0$ 2 4 6
3158 2901






$(\{1,2, \ldots,n\}, V,X, \{m_{k}(\cdot)\}_{k=0}^{\infty})$
(i) $I=\{1,2, \ldots, n\},$ $d_{I}(i,j)=|i-j|$ .
(ii) $V$ $\langle\cdot,$ $\cdot\rangle$
(iii) $x_{0},$ $x_{1},$ $x_{2},$ $\ldots\in X\subset V$
(iv) $L_{m}$
(a) :
$J(m,x)= \min\{i^{*}\in I|\Vert m(i^{*})-x\Vert=\inf_{i\in I}\Vert m(i)-x\Vert\}$
$(m\in M, x\in X)$ ,
$N_{1}(i)=\{j\in I|d_{I}(j, i)\leq 1\}(i\in I)$ .
(b) : $0\leq\alpha\leq 1$ .
(c) :






$(\{1,2, \ldots,n\}, V, X, \{m_{k}(\cdot)\}_{k=0}^{\infty})$ (V )
$L_{m}(\epsilon=1)$ $m$ $x$
$m’$ $m$ $x$ 2
$i$
$\langle m(i)-m(i+1),m(i+2)-m(i+1)\rangle\leq 0$
$\langle m’(i)-m’(i+1),$ $m’(i+2)-m’(i+1)\rangle\leq 0$
[7] 2
Example 2 1 $S_{im}[m,$ $m’,$ $Sarrow$ $m$
$m’$ $S_{inn}(i)$ $i$
? $S_{inn}[m, m’, Sarrow N]$ $m$ $S_{\dot{m}n}(i)$
$m’$ $S_{inn}(i)$ $i$
$S_{inn}[m, m’, Narrow S]$ $m$ $S_{\dot{r}}(i)$




[1] M. Cottrell and J.-C. Fort, \’Etude d’un processus d’auto-organisation, Annales de 1‘Institut
Henri Poincar\’e, 23(1) (1987), pp.1-20 (in French)
[2] E. Erwin, K. Obemayer, and K. Schulten, Convergence properties of self-organizing maps,
In T. Kohonen, K. Makisara, O. Simula, and J. Kangas, editors, Artificial Neural Networks,
Amsterdam Netherlands Elsevier (1991), pp.409-414
122
$umdM$
4: $S_{inn}[m, m’, Sarrow S],$ $S_{inn}[m, m’, Sarrow N],$ $S_{inn}[m, m’, Narrow S],$ $S_{inn}[m, m’, Narrow N]$
[3] E. Erwin, K. Obermayer and K. Schulten, Self-organization maps: stationary states,
metastability and convergence rate, Bio. Cybern., 67 (1992), pp. 35-45.
[4] E. Erwin, K. Obermayer and K. Schulten, Self-organization maps: ordering, convergence
properties and energy functions, Bio. Cybern., 67 (1992), pp. 47-55.
[5] W. Fujiwara, E. Itou, M. Hoshino, I. Kaku, A. Sakusabe, M. Sasaki and H. Kosaka, A study
on the effective method of extemal inspecting using a neurd network approach, Proceedings
of 6th ICIM (2002), pp. 369-375
[6] M. Hoshino, and Y. Kimura, Absorbing states and quasi-convexity in self-organizing maps,
J. Nonlinear Convex Anal., Vol.10, No.3 (2009), pp. 395-406
[7] M. Hoshino and Y. Kimura, Ordered states and probabilistic behavior of self-organizing
maps, Nonlinear Analysis and optimization (Shimane, 2008), Yokohama Publishers, pp.
31-44
[8] T. Kohonen, Self-Organizing Maps, Third Edition, Springer, 2001.
[9] W. Takahashi, Nonlinear Functional Analysis, Yokohama publishers, 2000.
[10] P. L. Zador, Asymptotic quantization $emr$ of continuous signals and the quantization di-
mension, IEEE Trans. Inform. Theory, vol. IT-28, No. 2, March (1982), pp. 139-149.
123
